THE PARADIGM OF LAWS
At the end of the millennium we are faced with, what may be the most difficult intellectual challenge known to humankind, the problem of constructing a quantum theory of gravity that would unify all the interactions. The great difficulty of this problem is underlined by the fact that it has remained unsolved for more than seven decades. There is another profoundly difficult problem at the heart of quantum theory, which has also remained unsolved for the same period of time, namely, the quantum measurement problem. This article suggests that the present insolubility of both problems may have the same source, namely, the paradigm of physics that has been used since the creation of physics about four centuries ago. I consider now, briefly, the origin of this paradigm and argue that it is based on the metaphysical assumption of the existence of dynamical laws, which may be discarded.
Prior to the origin of physics,``explanations'' of the world were often attempts to describe the boundary conditions, such as how the world came into being. But some natural philosophers recognized that much more progress could be made in``understanding'' the world if we gave up trying to explain boundary conditions and instead described the universal regularities that seem to occur in contingent phenomena. They tried to predict what would happen if certain arbitrary initial conditions were specified, instead of explaining these initial conditions ( see, e.g., Wigner, 1967, p. 40) . The tool for making this prediction is called a dynamical law of physics. More precisely, a dynamical law of physics, which I shall call a law for simplicity in this article, may be defined as the ability to describe the initial state of a physical system from which the final state can be predicted, deterministically or probabilistically, using the nature of the system and its interaction with its environment.
This profound realization led to the origin of physics. The combination of contingencies, reflected in the boundary conditions or initial conditions, and universal laws that are independent of contingencies has been the paradigm of physics for four centuries. This will be called the paradigm of laws. It is a curious fact, however, that the laws we use are always associated with symmetries. This follows from the fact that the experiments allowed by these laws are reproducible in different places and times, with different orientations, etc. ( Wigner, 1967, p. 29) . Moreover, the symmetries of the laws may be thought of as determining the physical geometry ( Anandan, 1980a) . Conversely, we may start with the geometry and conclude that the laws are constrained by the symmetries of the geometry. Now a law of physics is a strange type of necessity that should be confirmable or refutable ( i.e., testable) in order for it to carry information about the world. So it cannot be a logical necessity, which is tautological and therefore is not refutable. Belief in such a metaphysical necessity of laws smacks of the belief in a supernatural agency that is always regulating natural phenomena.
I therefore explore the view that there is no such metaphysical necessity, which implies that there are no fundamental laws of physics. Pierce ( 1891), Wheeler ( 1980 , 1985 , 1990 , 1994 ) , and Smolin ( 1997 have suggested that the laws of physics are mutable. But here I shall question even the very existence of laws and propose a new paradigm in which``dynamical laws'' will be replaced by symmetries as the fundamental relational structures in the world. Van Fraassen ( 1989) has made an empiricist critique of any kind
